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Aim: To assess the sagittal soft tissue morphology of patients with acromegaly in comparison with a healthy control group. 
Methods: Twenty-seven patients with acromegaly (11 male, 16 female; mean age 47.3 ± 11.5 years) and 30 healthy subjects 
(15 male, 15 female; mean age 42.2 ± 17.4 years) were included in the study. Linear and angular measurements were made 
on lateral cephalograms to evaluate soft tissue and skeletal characteristics. The intergroup comparisons were analysed with the 
Student’s t-test. 
Results: Facial convexity (p < 0.01) and the nasolabial angle (p < 0.001) were reduced in patients with acromegaly, whereas 
nose prominence (p < 0.01), upper lip sulcus depth (p < 0.01), upper lip thickness (p < 0.01), basic upper lip thickness  
(p < 0.01), lower lip protrusion (p < 0.05), mentolabial sulcus depth (p < 0.05) and soft tissue chin thickness (p < 0.001) were 
increased. Anterior cranial base length (p < 0.05), the supraorbital ridge (p < 0.01), the length of the maxilla and mandible  
(p < 0.001, p < 0.01, respectively) were significantly increased, and mandibular prognathism was an acromegalic feature  
(p < 0.05). 
Conclusion: Acromegalic coarsening and thickening of the craniofacial soft tissues was identified from lateral cephalograms, 
which may therefore contribute to early diagnosis when evaluated together with other changes caused by the disease. 
(Aust Orthod J 2016; 32: 48–54)
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Introduction
Acromegaly is a rare and complicated disease caused by 
the overproduction of growth hormone (GH) usually 
due to a pituitary somatotrophic adenoma. Although 
its prevalence is uncertain, published numbers show 
an estimated prevalence of 36–60 cases per 1,000,000 
population with an annual incidence of three to four 
new cases per 1,000,000 population each year.1,2 As the 
tumour expands, GH production becomes excessive 
and persistent, which leads to facial changes, acral 
growth, soft tissue, bone and organ enlargements, as well 
as impaired glucose tolerance, hypertension, colonic 
polyps and sleep apnoea.3,4 The clinical manifestations 
of acromegaly develop very slowly, and healthcare 
professionals often fail to recognise the disease until 
changes in facial features and extremities become 
profound. This usually results in four to eight years 
of delay in diagnosis.5 Early diagnosis and treatment 
is important, since acromegaly increases premature 
mortality when compared with healthy adults.6 
Since the complications due to acromegaly may be 
confused with other common disorders, patients typi-
cally visit a number of healthcare providers prior to di-
agnosis.5 Therefore, improving educational programs 
for carers likely to encounter the disease is crucial.5,7 
Currently, the education of orthodontists regarding 
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the clinical and radiographic features of acromegaly is 
important since they might be the first consultants to 
detect the disease. As a previous study determined, 7% 
of patients with acromegaly are diagnosed by dentists,5 
and some patients may be referred to an orthodontist 
due to a recent exacerbation in a malocclusion.8,9
Several articles have emphasised the vertical and 
sagittal changes in craniofacial bony features in 
patients presenting with acromegaly.9-12 In addition, 
coarsening and thickening of soft tissues are as 
important as skeletal structural change in producing 
the characteristic appearance, and so an evaluation 
of the sagittal soft tissues can assist identification. 
However, detailed analyses of soft tissue profile 
changes in patients with acromegaly are limited. 
Therefore, the purpose of the present study was to 
assess the sagittal soft tissue morphology in patients 
with acromegaly and provide a comparison with a 
healthy control group.
Materials and methods
The study was approved by the Ethics Committee 
of Gazi University, Ankara, Turkey. All participants 
were informed and written consent was obtained. The 
investigation was performed by adding new patients 
with acromegaly and control subjects to a previous 
study group.13 Twenty-seven patients with acromegaly 
(11 male, 16 female; mean age 47.3 ± 11.5 years) 
who attended the Department of Endocrinology and 
Metabolism in Gazi University Faculty of Medicine 
were identified and included. The disease duration 
was 5.9 ± 6.3 years. All patients had undergone 
trans-sphenoidal surgery and, if required, received 
somatostatin analog therapy. 
A control group consisted of 30 healthy individuals 
(15 male, 15 female; mean age 42.2 ± 17.4 years), 
who received a cephalometric assessment for either 
a pre-orthodontic evaluation, planning an implant 
placement and/or occlusal plane reconstructions. All 
subjects were of Caucasian ethnicity, had no chronic 
disease, no craniofacial anomaly, and were without 
any previous orthodontic treatment history. All were 
fully informed that their radiographs would be used 
for research purposes. 
Cephalometric measurements
All lateral cephalometric radiographs were taken 
in natural head position, in maximal dental 
intercuspation with the lips in repose, using an 
Orthophos XG 5 DS/Ceph; Sirona Dental System 
(Bensheim, Germany; C3 30 × 23, at 200–240 V, 
12 mA) by a single technician. The distance from the 
focus of the radiographic device to the midsagittal 
plane of the patient was 150 cm and the distance 
from the film to the midsagittal plane was 20 cm. 
The measurements obtained from the cephalograms 
were adjusted to avoid the effects of magnification. All 
radiographs were traced, measured and evaluated by 
the same researcher, blinded to the group allocation 
and names of the patients.
Four linear and four angular measurements were 
made on lateral cephalograms to evaluate the skeletal 
morphology of the participants. The assessment of 
facial form and soft tissues was generated from fourteen 
linear, four angular and two ratio evaluations, using 
the following reference lines: a line through nasion 
(N) and seven degrees up from sella-nasion line (HP), 
perpendicular to HP (HP+), Frankfort horizontal 
plane (FH), tangent from the tip of the soft tissue 
chin to the upper lip (H line), a line from soft tissue 
nasion to soft tissue chin (soft tissue facial plane), 
and a line through hard tissue nasion (N) to hard 
tissue pogonion (Pg) (hard tissue facial plane).14,15 
Definitions of linear and angular measurements are 
provided in Table I. Cephalometric landmarks and 
reference planes are illustrated in Figure 1. 
Statistical analysis
Data were analysed with the Statistical Package for 
Social Sciences SPSS Version 21.0 (SPSS Inc., IL, 
USA). Numerical variables were presented as means 
(SD). The normality of data was assessed by the 
Shapiro-Wilks test, and the Student’s t-test was used 
to evaluate differences between the groups. P < 0.05 
was considered to be statistically significant. 
Results
The mean body mass index (BMI) of patients with 
acromegaly was 30.53 ± 5.69 kg/m2, and 29.60 ± 4.03 
kg/m2 in control subjects. There was no statistically 
significant difference in age and BMI between the 
groups. The skeletal and soft tissue characteristics of 
patients with acromegaly and the control group, and 
the differences between the groups, are provided in 
Table II.
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Differences in skeletal morphology
Anterior cranial base length (S-N; p < 0.05) increased, 
the supraorbital ridge (S-G; p < 0.01) was more 
protrusive, maxillary (ANS-PNS; p < 0.001) and 
mandibular lengths (Go-Gn; p < 0.01) increased in 
patients with acromegaly compared with controls. 
The ANB angle showing the sagittal relationship 
of the jaws was smaller in patients with acromegaly 
(p < 0.05). 
Differences in facial form
Facial convexity (G-Sn-Pg’, p < 0.01) was reduced 
and mandibular prognathism (G-Pg’-HP; p < 0.05) 
increased in patients with acromegaly.
Differences in soft tissue position and form
The nose was more prominent (p < 0.01) and 
the nasolabial angle (Cm-Sn-Ls; p < 0.001) was 
significantly lower in patients with acromegaly when 
Definition
Skeletal morphology – linear
S-N Anterior cranial base length
S-G Supraorbital ridge protrusion
ANS-PNS The length of the maxilla
Go-Gn The length of the mandible
Skeletal morphology – angular
SNA° The sagittal position of the maxilla in relation to S-N
SNB° The sagittal position of the  mandible in relation to S-N
ANB° Sagittal maxillo-mandibular relation
Sn/GoGn° Mandibular plane angle
Facial form
G-Sn-Pg’° Facial convexity angle
G-Sn-HP Maxillary prognathism
G-Pg’-HP Mandibular prognathism
G-Sn/Sn-Me’ on HP+ The vertical height ratio
Soft tissue positions and forms
Nose prominence Distance between the tip of the nose and a perpendicular line drawn to the FH plane from vermillion
Cm-Sn-Ls° Nasolabial angle
Ls to Sn-Pg’ Upper lip protrusion
Upper lip sulcus depth Distance between the upper lip sulcus and a perpendicular line drawn from the vermillion to FH
Upper lip thickness Distance between the vermillion point and the labial surface of the maxillary incisor
Basic upper lip thickness Distance measured approximately 3 mm below A point and upper lip
Upper lip strain The difference between upper lip thickness and basic upper lip thickness
Li to Sn-Pg’ Lower lip protrusion
Si to Sn-Pg’ Mentolabial sulcus depth
Inferior sulcus depth Measurement at the point of greatest convexity between the vermillion border of the lower lip and H line
Soft tissue chin thickness (Pg-Pg’) Distance between the hard and soft tissue facial planes at the level of suprapogonion
Soft tissue facial angle The downward and inner angle between FH and soft tissue facial line from N’ to Pg’ 
Sn’-H line Soft tissue subnasale to H line
Li-H line Lower lip to H line
Holdaway angle (H angle) Angle between the soft tissue facial line (N’-Pg’) and H line
Sn-Stms/Stmi-Me’ on HP+ Vertical lip-chin ratio
Table I.  Definitions of linear and angular measurements made on lateral cephalograms.
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Variables
Acromegaly group Control group
    Mean     SD    Mean    SD    p
Skeletal morphology      
S-N (mm) 76.81 4.02 74.21 4.17 0.020*
S-G (mm) 84.72 5.55 80.33 3.96 0.001**
ANS-PNS (mm) 59.14 4.95 54.66 3.14 0.000***
Go-Gn (mm) 86.18 7.07 80.96 5.56 0.003**
SNA (º) 80.7 4.12 80.96 3.42 NS
SNB (º) 79.11 4.53 77.15 3.45 NS
ANB (º) 1.44 4.9 3.81 2.05 0.019*
SN-Go-Gn (º) 34.96 5.9 33.13 6.5 NS
Facial form      
Facial convexity angle, G-Sn-Pg’(º) 8.92 6.48 14.6 6.78 0.002**
Maxillary prognathism (G-Sn-HP) (mm) 3.87 4.86 5.31 4.06 NS
Mandibular prognathism (G-Pg’-HP) (mm) -1.1 9.24 -4.38 9.71 0.012*
Vertical height ratio (G-Sn/Sn-Me’ on HP+) 1.00 0.12 1.06 0.11 NS
Soft tissue position and form      
Nose prominence (mm) 21.92 3.97 18.46 3.43 0.001**
Nasolabial angle (Cm-Sn-Ls) (º) 97.61 14.76 111.06 10.71 0.000***
Upper lip protrusion (Ls to Sn-Pg’) (mm) 4.51 3.38 3.2 1.99 NS
Upper lip sulcus depth (mm) 3.6 2.23 2.01 1.07 0.001**
Upper lip thickness (mm) 14.62 4.09 11.9 2.5 0.003**
Basic upper lip thickness (mm) 16.4 3.75 14.3 1.57 0.007**
Upper lip strain (mm) 2.25 1.6 2.8 1.29 NS
Lower lip protrusion (Li to Sn-Pg’) (mm) 5.2 4.15 3.08 2.38 0.020*
Mentolabial sulcus depth (Si to Li-Pg’) (mm) 6.79 2.69 5.56 1.52 0.037*
Inferior sulcus depth (mm) 5.83 3.04 5.35 1.85 NS
Soft tissue chin thickness (Pg-Pg’) (mm) 16.51 3.4 13.06 2.27 0.000***
Soft tissue facial angle (FH-N’-Pg’) (º) 89.5 5.35 89.76 5.14 NS
Soft tissue subnasale to H line (Sn’-H line) (mm) 6.58 4.32 4.81 2.43 NS
Lower lip to H line (Li-H) (mm) 2.74 3.11 1.51 1.62 NS
H angle (N’-Pg’-FH) (º) 11.48 6.48 13.4 4.89 NS
Vertical lip-chin ratio (Sn-Stms/Stmi-Me’) (HP+) 0.45 0.08 0.46 0.07 NS
HP, line through N, 7º up from S-N; HP+, perpendicular to HP; FH, Frankfurt horizontal plane;  
SD, Standard deviation; *p < 0.05; **p < 0.01; ***p < 0.001; p > 0.05; NS, p > 0.05.
Table II.  Skeletal and soft tissue cephalometric variables and comparisons between the two groups.
compared with controls. Upper lip sulcus depth (p 
< 0.01), upper lip thickness (p < 0.01), basic upper 
lip thickness (p < 0.01), lower lip protrusion (p < 
0.05), mentolabial sulcus depth (p < 0.05) and soft 
tissue chin thickness (p < 0.001) were greater in the 
acromegalic group.
Discussion
Acromegaly is characterised by skin and soft tissue 
changes due to increased GH levels, and reports have 
emphasised the craniofacial changes.16-18 Most previ-
ous literature explored the skeletal changes in the cra-
niofacial region, but excessive GH and IGF-1 were 
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proved to act on soft tissues and organs as well as 
bones.3 However, the recognition of the disease is 
made easier by patients and others following the char-
acteristic facial changes, which reflect the underlying 
bones and soft tissues. Correspondingly, a detailed 
soft tissue analysis in lateral cephalograms was con-
sidered beneficial in interpreting the effects of acro-
megaly. The dominant role of BMI in the alteration of 
facial soft tissue thickness has been confirmed previ-
ously.19 However, there was no significant difference 
in BMI between the groups involved in the present 
study. Therefore, the detected soft tissue changes 
could be attributed to the effects of the disease. 
Acromegaly may remain undetected for years, and it is 
imperative that clinical recognition should be improved 
by health workers.5 Therefore, detecting acromegalic 
facial soft tissue changes may be beneficial for early 
diagnosis. Initial attempts were aimed at the creation of 
a computer program which formed three-dimensional 
(3D) models of the face from two-dimensional 
(2D) photographs.20,21 With time, Schneider et al.22 
introduced face classification software based on pre-
determined points and nodes located on frontal and 
side view photographs, in order to detect the presence 
and severity of the disease. The results specifically 
mentioned that the inclusion of side views improved 
the identification of affected patients. Although 
the diagnosis of the disease improved, there was no 
quantifiable change described in the soft tissues as a 
result of the disease. To address this issue, Wagenmakers 
et al.17 used 3D cone-beam computed tomography 
(CBCT) scans and 3D stereophotographs of patients 
suffering from acromegaly and found that they had 
larger soft tissues in all dimensions when compared 
with control subjects. Although 3D evaluation is 
preferred for a more realistic analysis of the craniofacial 
region, there are no data regarding the radiation risk 
of a CBCT assessment of acromegalic patients to 
determine the value of the procedure. In addition, the 
effective dose of CBCT scans can be anywhere from 
68–1073 micro-Sieverts (µSv)23 while the effective 
dose of a cephalometric radiograph is estimated 
to be 1.7–3.4 µSv,24 which raises further questions 
about the appropriateness of CBCT scans to evaluate 
the craniofacial effects of acromegaly. Access to 3D 
modelling software and CBCTs is limited. Detailed soft 
tissue analysis performed on traditional cephalometric 
radiographs is an acceptable, reliable, attainable and 
cheaper diagnostic tool for the identification of the 
disease. Therefore, the present results may be beneficial 
for the early diagnosis of acromegaly since the data 
reflect possible common facial features.
Acromegalic patients show a thickening of the skin as 
a result of hypertrophy of collagen fibres caused by the 
excess of GH.17 The hypertrophy is not fully reversible 
and persists25 and is an important consideration for 
joint and cartilage integrity.17 For this reason, changes 
in facial structures are a vital key in the self-detection 
of acromegaly or its detection by healthcare workers.5 
Figure 1. Cephalometric landmarks and reference planes: (1) S, 
midpoint of sella turcica; (2) N, anterior point at nasofrontal suture; (3) 
Po, most superior point of external auditory meatus; (4) O, most inferior 
point of the orbit; (5) A, deepest point in concavity of anterior maxilla; 
(6) ANS, most anterior point of anterior nasal spine; (7) PNS, most 
posterior point of nasal spine; (8) Go, point constructed by bisecting 
the posterior and inferior borders of the mandible; (9) Me, most inferior 
point of bony chin; (10) Pg, most anterior point of bony chin; (11) Gn, 
most anterior-inferior point of bony chin; (12) G, the most prominent 
point in the midsagittal plane of supraorbital ridge; (13) N’, soft tissue 
nasion, the most concave point in the tissue overlying the area of the 
frontonasal suture; (14) Cm, columella, the most anterior soft tissue point 
on the columella (nasal septum) of the nose; (15) Sn, subnasale, the 
point at which the columella merges with the upper lip in the midsagittal 
plane; (16) Ls, labrale superius, most anterior point on the upper lip; 
(17) Stms, stomion superius, lower most point on vermillion of upper lip; 
(18) Li, labrale inferius, most anterior point on the lower lip; (19) Stmi, 
stomion inferius, upper most point on vermillion of lower lip; (20) Si, 
sulcus inferius, the point of greatest concavity in the midline of the lower 
lip between the labiale inferius and the soft tissue pogonion; (21) Pg’, 
soft tissue pogonion, the most anterior point on the soft tissue chin; (22) 
Me’, soft tissue menton, the most inferior point on the soft tissue chin; 
(23) HP, horizontal reference line constructed by raising a line 7 degree 
from S-N plane; (24) FH, reference line through Po and O; (25) Hard 
tissue facial plane, line from N to Pg; (26) Soft tissue facial plane, line 
from N’to Pg’; (27) H line, line drawn tangent to the soft tissue chin and 
upper lip.
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The present results indicated the deformation in 
craniofacial soft tissues due to the disease. The nose 
was more prominent and upper lip thickness increased, 
which resulted in a decreased nasolabial angle and 
increased upper lip sulcus depth. A more protruded 
lower lip and an increased soft tissue chin thickness 
caused the mentolabial sulcus to be deeper. Reid et 
al.5 presented a clinical review of neurosurgeons and 
personal interviews with patients at diagnosis, and 
reported that facial feature change related to soft 
tissue coarsening, deepening of nasolabial folds, 
thickening of soft tissues and enlargement of lips and 
nose were the main complaints by patients, which 
therefore assisted diagnosis. Wagenmakers et al.17 also 
found that the nose and lips were enlarged in these 
patients. The present radiological data support and 
are consistent with the clinical observations of Reid 
et al.5 and the 3D data of Wagenmakers et al.17 and 
demonstrate the soft tissue changes caused by the 
disease more objectively and more easily.
The increase in supraorbital ridge protrusion and 
soft tissue chin thickness were also significant in 
the present patient cohort when compared with the 
healthy controls. The changes were attributed to signs 
of soft tissue thickening due to the hormonal excess. 
Facial convexity was reduced in acromegalic patients, 
in comparison with healthy controls, and this might 
be secondarily related to the protrusion of the 
supraorbital ridge and marked frontal bossing as well 
as the increase in soft tissue chin thickness in affected 
patients. Although not evaluated, an enlargement 
in the frontal sinus was a common cephalometric 
finding. In a smaller previous study evaluating the hard 
tissue changes caused by acromegaly, it was indicated 
that a significant enlargement in frontal sinus width 
occurred,13 which was confirmed by Karakis et al.10 
and Dostálová et al.16
The present results revealed no difference between ac-
romegaly and control groups in sagittal intermaxillary 
position, but the length of the maxilla and mandible 
were significantly increased, and mandibular protru-
sion was more prominent in the acromegalic group. 
The changes were also revealed by lower ANB values, 
which may reflect the mandibular prognathism ten-
dency in affected patients. It was well identified by 
previous reports that due to periosteal bone apposi-
tion and profound growth in the condyle and ramus, 
mandibular prognathism is a feature of most patients 
suffering from acromegaly.11,26 However, it should 
be noted that bone apposition is not specific to the 
mandible, but in the maxilla as well. There are con-
tradicting reports suggesting that maxillary bone is 
minimally affected by the disease and that changes in 
mandibular dimensions are more prominent.16,18 The 
present results are in accordance with Wagenmakers et 
al.,17 who found increased maxillary and mandibular 
lengths, without any difference in the sagittal posi-
tion and relationship of the jaws in acromegaly pa-
tients compared with controls. A possible explanation 
may be the elongation of the anterior cranial base in 
affected patients, which masks the actual intergroup 
differences in maxillary and mandibular lengths.16,27
Conclusion
The craniofacial soft tissues of the patients assessed in 
the present study showed coarsening and thickening 
due to acromegaly. The nose, lips and chin were 
more prominent. As a result, facial convexity and the 
nasolabial angle were significantly lower in affected 
patients compared with controls. Maxillary and 
mandibular lengths were increased and the acromegalic 
mandible was prognathic. Early diagnosis is the key 
for treatment success and so clinicians should have a 
solid understanding of the soft tissue changes caused 
by the disease. The results of the present study support 
the clinical subjective examination with objective 
measurements performed on radiographs to confirm 
a diagnosis. Together with a clinical examination, 
a cephalometric assessment may be beneficial for 
improved diagnosis and data sharing of patients 
affected by acromegaly.
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